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STRESS PROTEINS AND, USES THEREFOR 

Although the function of stress proteins is not 

05 entirely clear, it appears that some participate in 

assembly and structural stabilization of certain cellular 
and viral proteins, and their presence at high 
concentrations may have an additional stabilizing effect 
during exposure to adverse -conditions , Neidhardt, F.C. 

10 and R.A. VanBogelen, Inj^ Es che r i chia^co 1 i and 

£Z2ili:Sli£iiiIS » Cellular and Molecular Biology, (eds. 
Neidhardt, F.C., Ingraham, J.L., Low, K.B. , Magasanik, B. 
Schaechter , M. and. Umbar ger , H.E. (Am, Soc . Microb io 1 , , 
Washington, D.C.), pp, 13 34-1345(1987); Pelhara, H.R.B. 

15 5£il»/ ^6* 959-961 (1986); Takano, T. and T^ Kakefuda, 

Nature, 2 39 ; 34- 37 (1972); Geor gopoulos ; G . et_al^, New 
M£i£SZ> 239:38-41 (1972). Phagocytic host cells produce 
a hostile environment for : f ore ign organisms i -and' the 
ability to produce stress proteins has been implicated in 

20 the survival of bacterial pathogens within macrophages 
Christman, M,F. et_al_^ , Cell , 41 : 75 3 - 762 (1985)/ . 

Mycobacterium CM > ) tube rculo sis -and' ' My c o b a c t'e r i um 
XM^X^lepr ae -are - the :.e tio logic "agent s of tuberculos is* and 
leprosy, respectively. These diseases affile t 20 - 30 

25 million people and continue co present a significant 

global health problem. Joint International Union Against 
Tuberculosis and World Health Organization Study Group, 
I^bercle, 63:157-169 (1982); Bloom. B. and T. Godal, Rev^ 
Infect Dis_^ 5:765-780 (1983). To develop more effective 



wo 89/12455 

;1 



PCT/US89/02619 



05 



tools for the diagnosis and prevention of. these diseases, 
it is important to understand the immune response to 
infection by mycobacterial pathogens. 

The antibody and T-cell responses to infection or 
inoculation with killed mycobacteria have been studiedin 
humans and in animals. Human patients with tuberculosis 
or leprosy produce serum antibodies directed against at 
least 12 mycobacterial proteins .; Some of these proteins 
are also recognized by well-characterized murine 
10 monoclonal antibodies., Mice immunized with mycobacterial 
lysates produce antibodies that, are directed - - r ■ 
predominantly to sixJI^_tuberculosis and six M^_le£rae 
protein antigens. Engers. H.D., I n f e c t:^_ I mmun V ,' 
48:603-605 (1935); Engers, H.D., Inf e c t^ Immun^ , 
15 51:718-720 (1986). Genes encoding these~12 mycobacterial 
antigens have been cloned, and recombinant proteins 
produced from these clones have been used to investigate 
the human T- lymphocyte response to^ mycobacterial - : ' 
infection': -Husson. R.N. and R . A . Young , Proc ._Na tl^?- • . ^ 
2 0 A c a d^_ S c i^^_us A , 84: 1679-1683 (1987): Yo un g . ~R . A : ■ e t _ a 1^ . 
Nature, 316: 450-452 (1985 ) ; Britton. W.J. e t_a U ; " L efir^ 
Rev^. 57. Suppl. 2, 67 - 75 (1986 ) . :: : ; 7. ; . ;.. 

Protection against mycobacterial, disease involves"'-^ 
c e 11 -ne<^iated. i mmunl ty ^ ,.. J o i^^^^ 1 1 o naX 3urilon - ; 

AS.ains tY^^^^^ 

Group,. Tubercle.. 63 :157-169 (1982); Hahn.- H.' Wd srH/E?- 
Kaufman, Re I n f e c t^_D i , 3 : 1 2 21 - 1 2 5 0 (1981). T 
lymphocytes cloned from patients or from volunteers 
immunized with killed mycobacceria have been tested for 
their ability to recognize the recombinant mycobacterial 
proteins. Lymphocy t e - pr o 1 i f e r a t i on assays demonscrace- 
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that most of the antigens identified with monoclonal 
antibodies are involved in the T-cell resporisis to' 
mycobacterial infection or vaccination in mice and in 
humans. . Limiting dilution analysis indicates that 20% of 
05 the mycobacterial-reactive CD4^ T lymphocytes in mice 
immunized with M . _ _ t u b e r c u 1 q s i s recognize a single 
protein, the. 65-kDa antigen. Kaufman, S.H.E. et__al^,.Eur 
J jL«l51I5HH£i^ » 17:351-357 (1987). 

Summary of the Invention .: ^ . ; \ 

10 The present invention relates to stress proteins and 

methods of modulating an individual ' s immune respons e , 
either to a pathogen or- to his or her own cells , such as 
occurs in auto immune . diseaises . In particular, it relates 
to the use of such stress proteins as a "vaccine" in 

15 immune prophylaxis therapy , which results in ' an indue tion 
or enhancement of immune response to a selected pathogen 
and as an immune therapeutic , agent in treatment 'of 
autoimmune diseases , which results .in a decrease of an 
individual's response to his .or her own cells.-- In- immune 

20 prophylaxis, stress proteins are administered to prevent 
or reduce^ the effects in an individual of a:^ pa thogen , 
which can , be any virus microorganism or other- or ganism" 
or subs tance. ( e . g , - a^ toxin ox\ toxoid) * which- 'aaus es^''' 
disease In. preventing oxr reducing-i adverse ^ef fee ts "of" 

25 nonviral pathogens ( e . g bacteria my cobac ter ial )* ' 
according to the method of the present invention, an 
individual's immune response to t4ie nonviral pathogen's 
stress protein(s) is induced or enhanced through the 
administration of a vaccine which includes the pathogen's 

30 stress protein(s) and, generally, an adjuvant. 
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Preventing or reducing adverse effects of viral 
pathogens, as well as preventing cell transformation or 
reducing the extent to which it occurs/according to the 
present method, is. effected by transiently enhancing an 
individual's immune surveillance system. In this 
instance, the causative pathogens (i.e., virus; 
transforming agent) do not have stress proteins of their 
own. Enhancement of immune response can be effected by 
modulating the immune cells by stimulation with a 
nonviral stress protein (e . g ., a, bacterial stress 
protein), or modulating, the individual's stress ' response 
by any means (e.g., local application of heat). 

In immune therapy, such as is used in treating 
autoimmune diseases, stress proteins known to be involved 
in the autoimmune response are administered to turn down 
an individual's immune response by tolerizing the 
individual to the stress proteins. ' Alternatively, the 
immune response to stress protein, which is known to 
occur in autoimmune disease, is reduced by interfering 
with the ability of, immune cells which respond to stress 
proteins to do so. 

A selected stress protein of the present invention 
can be administered to an individual, according to the 
method of , . the,.; present, invention . ' and result in kn Vmmui^e' 
25 response which, provides . pro tection against subsequent " " 
infection by a nonviral organism ( e . g . , bac teiria , " " " ' 
mycobacteria, other infectious agents which produce 
stress proteins). Alternatively, a selected stress 
protein can be administered to an individual, generally 
over time, to induce immune tolerance against the 
selected stress protein. For example, a selected stress 
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protein can. be administered in multiple doses over time 
in. order to induce , immune * tolerance against an autoimmune 
disease . such . as rheumato id arthritis . 

Br ief Rescript ion of .the Drawings 

05 Figure 1^ is a graphic representation of the 

homologies, between mycobacterial antigens and known 
stress proteins. -Figure lA is a representation of 
sequence similarity between portions of the Mj:._tuber culoj;^ 
sis 71-kDa , antigen (residues 1-204; TB 71kDa) and the 

10 coli DnaK pro te in : ( res idues 430 - 469 ) . " Figure IB is a 

representation of sequence similarity between portions of 
the H ^ t u b e r c u 1 o s i s 65-kDa ant i gen '( res idues 1-540;* TB 
65kDa) and the E^^coli GroEL protein (residues 1-547). 

Figure 2. is a. comparison of the amino acid sequence 

15 of the human PI protein (573 residues) and the amino acid 
sequence of the groEL protein ( 547 res idues ). 

Figure 3 is a comparison of the amino acid sequence 
of the human PI protein- (573 residues), which is a 
homo log of groEL protein, . and ' the amino acid sequence of 

20 the 6 5kDa . M . leprae pro te in ( 540.^ res idues ) . - — 

Figure - 4 is- a .:Comparison of the amino acid sequence 
. of ^ the , human .PI protein : (573 -residues) , 'which ' is a 
homolog of the groEL protein, and ' the 'amino 'acid ' sequence 
of the .6 5kDa tuberculosis' pro te in '( 540 -^res idues )\ 

2 5 5 e tail ed_D esc ri^£ti^on_o f^ 

The present invention is based on the observation 
that stress proteins are among the major antigens 
available for presentation to T lymphocyces and may be 
common immune targets in a broad spectrum of infectious 
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diseases. Immune responses to. stress proteins are 
involved in immune surveillance by - the- body and a "variety 
of different T cell types has been shown ■ to recognize 
highly conserved stress protein determinants. Several 
observations, described below., suggestla model of immune 
surveillance in which self-reactive T cells provide a 
first line of defense against infection other invasion 
by pathogens and against cell transformation by 
recognizing and helping to eliminate stressed autologous 
cells, as wellas cells infected with intracellular 
bacteria .. Without wishing to . be .bound "by ^this mode 1 ■ '^i t ' 
is presented as one means by whichit Is possible to 
explain why prokaryotic and eukaryotic. cells, respond to a 
variety of potentially damaging stimuli,! such as elevated 
temperature, by increasing the synthes is- -of a family of 
.proteins, referred to as. stress proteins which are among 
the most highly conserved and:- abundant proteins found in 
nature . . . .. . . . r . 

Investigation of. antigens involved in -the immune 
response to the tuberculosis and leprosy-bacilli (M^ " 
tuberculosis and M^_]^£rae) . initially Ued lio.; the" 
observation that a„variety of stress.proteins are • among 
""^^ ^^^S«t^ of the,immune response . rSs -^is-'aes crib^d 

.S^?^.t?^..:l.ength -below . .: i ? ; .>i^:'ffi:!: "ic- \:ii^^-n 

. ^'f^^'^i®^ ...asisessment has demjMVs:trAte-d-Ztffa^ - 
proteins may be common immune targets in a broad spectrum 
of infectious diseases . Sequence analysis.-has revealed 
70-kDa heat shock protein homologues among major antigens 
of Che protozoan parasices PiMIDodium.f al c inarum (Bianco. 
30 A.E. ec_al^. Pr o c^_Na c 1^_Ac ad^_S c i^_^_US A , 83:87 13 - 871 7 

C1986)) and Sch is cos oma_mansoni (Hedstrom. R. et al., J. 
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E2i2^_?l£^^. 165 : 1430-1435 (1987)) and the malarial, 
parasite Brugia malayl (Selkirk, M.E. et_al ^ 
Bl££h£Sji."p 12D: 290 * (1988) ) . Similarly , homologues of 
GroEL have been, found among antigens involved in the 

05 immune response to Salmonella^tyg^lilSliiiHS ^^^^ ££2£i£i2:^^ 
Vodkin, M , H . and J . C . Williams , J j._B a c t e r i o 1 , 170:1227 
(1988). The presence of stress proteins among major 
immune targets in a variety of human pathogens is support 
for the idea that the stress response may be a general 

10 component of infection and that s tress proteins should be 
considered among candidates for' sub unit vaccines . ' All 
organisms respond to heat by inducing synthesis of heat 
shock proteins (hsps), which are a group of proteins. 
This response is the most highly conserved genetic system 

15 known and has been shown to occur in every organism, 
including microorganisms , plants and animals, 
investigated to date. - Many of" the characteristic's of the 
response are common to all organisms and the hsps are.* 
among the most highly conserved proteins known.' For 

20 example, hsp90 family and hsp70 family proteins are ' 
present in widely diverse organisms. The proteins' in 
each family- -even in such diverse organisms -'-show 
approximately 50% identity at the amino acid level and at 
the -npnidentical.: . res idiies', :.. exhibi t- many- s imil-ar rti"es~ ' 

25 Several of the proteins induced by heat are also -induced' 
by. a variety, of : other stresses The ' hsps or' a' closely 
related/similar protein are present in all organisms at 
normal temperatures and have been shown to have key 
functions in normal cell metabolism. Lindquisc, and 

30 E.A. Craig. Ann_^_R e v^_G ene t^ , 2 2:631- 677 ( 1988). Because 
the stress response is common to prokaryotes and 
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eukaryotes and stress proteins are among the most highly 
conserved in sequence, it is . reasonable to expect that- an 
antigen from one pathogen could immunize- against . another 
pathogen. Exposure to foreign stress proteins early in 
life might, in f act induce a degree of immunity . to a 
variety of infectious agents. If so, this could provide 
an explanation for the observation that, for. many 
pathogens, only a fraction of infected individuals 
actually acquire clinical disease. 

The following is a description of the relationship 
which has been observed between , stress pro teins and the 
immune response to mycobacterial infection; of the 
observation and supporting information that stress 
proteins are immune targets in many non-viral infections; 
of recognition of the fact that immune responses to 
conserved stress protein determinants may play, an 
important role in autoimmune pathology in rheumatoid " 
arthritis, as well as in adjuvant arthritis; and of the 
role of stress proteins in immune surve illance . as well 
as a model proposed for immune surveillance in which ' 
self -reactive T cells provide a first line of defense 
against infection and ce 11. trans formation . 

M2cobac^e£ial_^tress_Pr.oteins_ar 

Response - ^ - , - - •■ - - - 

.An intriguing relationship between stress proteins 
and the immune response to mycobacterial infection has 
been observed. A more detailed examination of stress 
protein determinants and immune response mechanisms is 
essential to understanding the relationships among stress 
proteins, infection, and immunity. 
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In view of the involvement of proteins of _ 
tuberculos iis ■ and M^^^legrae in humoral and cell-mediated 
immune responses and. to - establish the functions of the 
these proteins .. in the mycobacterial cell, the DNA 
encoding: several: of the Mj._tuberculos i^s and M^_l££rae 
ant igens have been sequenced. It has been demonstrated, 
as a result that many of these mycobacterial protein 
antigens exhibit striking sequence similarity- to known 
s tres s - induced proteins, : Three of the M_.__leprae and 
10 two of the .M • tubjsrculos i antigens studied have 

been shown to exhibit strikinjg sequence similarity to 
known stress proteins For reasons discussed in the 
Exemplification,- it is concluded that two of the 
l£E£^£ 3.nd two of the MjL_£Hk£££iil££is antigens are 
15 homologues^ of the E^_coli DnaK and GroEL proteins. 
In experimental mice, immunization with 
mycobacterial lysates elicits antibody responses to at " 

least six M^^ tub_erculos is protein antigens and a similar 

number f M_j^_ leprae protein antigens. Monoclonal anti- 
20 bodies specific for these proteins" have been used to 
isolate clones from Agtll DNA express ion libraries of 
£iik£££iil2£i:S and M,> leprae ; The sequence of the DNA 
c 1 ones » revealed, that-: mycobacterial- hsp 70 ( alias 70 kDa 
antigen) and" hsp6 0 . (alias -.6 5 .kDa.Iantigeny-groEL) we ire ^ the 
25 raaj or targets : of: the,: murine antibody - response ' to bo th" M , 
££^£5;£Hi££i£ and M^_le£rae . -,^Two :addi t ional hsp ' s , an* 18 
kDa member of the small hsp family and a 12 kDa homologue 
of g ro E S J were found among the H^_l^e£rae and M. 
££^£££Hl££i£ antigens. Young, D.B., ££_£i^ » Z£££j._^^ ^ 1 1 . 
30 Ac a d^_ S d i_^^_lJS A , 85:4267 - 4270 ( 1988 ); Shinnick, T.M., ec 
£l^' IiH£u..Ac i d s_Re , 17:1254 (1989). 
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stress proteins are: among the 
immunodooinant targets of both : murine antibody , and: T. cell 
responses. Intone study which summarized results 
obtained from 10 laboratories, a collection of- 24 murine 
monoclonal antibodies recognized 6 . M^_le£rae ■ pro te ins ; 7 
of these antibodies are directed against: 6 different 
determinants in the M^_le2rae hsp60. Engers, H.D.; et 

.laflct^_l2i5iiS^. 48:603-605 (1985); Mehra. V., et 
Sl^ . ^ 1 1^_ Ac a d^_S c i^_U S A , 83:7013-7017 (1986). 
In a similar study. 3 of 33 -monoclonal.antibodies raised 
against M^tuberculosis recognized the M^jtuberculosis ■ 
hsp60 protein. Engers, H.D., et_aU, Infect^ ilSiSuni . 
51:718-720 (1986). Finally, limiting dilution analysis^ 
indicates that 20% of the mycobacterial-reactive CD4t T. 
15 lymphocytes in mice immunized with M^_tuberculos is - 

recognize this antigen. . Kauf mann . . S . H .... e t_Il^ , Eur^_J^ 
Immunol^, 17:351-357 (1987). 

Although a rigorous quantitative analysis of the- 
huraan immune response to mycobacterial stress proteins 
has not yet been reported, mycobacterial, stress proteins 
are recognized by human antibodies and T lymphocytes' and 
the evidence suggests that these proteins • arei.amb.ng. the . .- 
major, targets ..of the, human; cell..-, mediated, immune respbnse: 

:v:I-u^Ex2^_Medi , 163 :1024i 1029 (ISSS) ) " 
Mus taf ^ . A , S . , et_al^ . ..Nature ( London) . i 3 1 9 : 6 3 ^ 6 6 - ( 1 9 8 6 ) ; 
Oftung, F . , £ t_ a 1_^ , . J^j^ I rarau^ (1987);-- 
Lamb. J.R.. et_al^. EMBO_J_^, 6:1245 - 1249 (1987). T 
lymphocytes from patients with mycobacterial infection or 
from volunteers immunized with mycobacteria have been 
cloned and tested for their ability to recognize the 
mycobacterial stress proteins. In each of these studies, 
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sonie fraction of the human T cell clones were shown to ■ 
■recognize one or more :of the mycobacterial stress 
proteins. ' ■ ^ ■ .. ' - 

S_t r ess _P rot e ins _are_I^mmun * 

The observation that stress proteins are important * 
targets of the .immune- response to mycobacterial' infection 
and the knowledge that the major stress proteins are 
conserved and abundant in' other organisms suggested that* 

10 stress proteins are likely to be 'immune targets in many 
non- viral, infections . . Indeed that is now clearly the 
case. Antigens from a wide variety of ihf ec t ious agent s 
have been identified as members of s tres s pro te in 
families. The major stress protein antigen recognized by 

15 antibodies in bacterial infections is - hsp60 : "Common 

antigen", an immunodominant protein antigen' long known to 
be . shared by most bacterial spec ies , turns oiit to be 
hsp60. Shinnick, T,M., et al . , 1 S f e c t_^_I mmun_^ , 56:446 
(1988); Thole, J.E.R., et al Mi£I2kisl_PS-£ll£fi£S££i£ • 

20 4:71-83 (1988). Stress proteins have also been 

identified as immune jrarge.tsi in most major' human parasite' 
infections. /. Bianco , A-. EJ,-- et al , /' Proc\ ^Natl Acad / 
l£i-:.u.-USA. 83;87I3 ..( 19 86^ p^Nene * ' . 

B i ochem . Paras i tol^ . -21:179^ (1986) ; • ArdeshirV F 

25 EMBO^ijL.:- •6:49 3.; (.1987 ).;.; Heds trom , -R; , 'H^i^l!^^ l^^l^R^ ■ 
Hed^. 165 : 1430 (1987 ); Selkirk, M.E., e t_a 1_^ , iji._Cell 
5i2£ll£n!^» 120:290 ( 1988); Engman, D.M.. e c_a 1^ , 
^12S:hS.B^> i2D: Supplement. 290. (1988 ); Smith. D.F., et 
Si^' i^-.:2£ii-^i££ll£n!j^ . 120:29 6 (1988). Antibodies Co 

30 hsp70 have been identified in the sera of patients 
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suffering from malaria, trypanosomiasis, leishmaniasis, 
shistosomiasis and filariasis.: Hsp90 is also a target of 
antibodies in trypanosomiasis and a member of the small 
hsp family is recognized in some patients with 
05 shistosomiasis. , 

l£££ss_PToteins_and_Autoimmu 

Rheumatoid arthritis is characterized by a chronic 
proliferative and inflammatory reaction in synovial 
membranes which is thought to involve autoimraune- 
10 processes.. Rat adjuvant arthritis resembles human ' • 

rheumatoid arthritis in many respects, and has been used 
as an experimental animal model, for human disease. 
Pearson, CM., Ar th r i t i s_Rheum^ , 7 : 80 - 86 , ( ( 1964 ) . 
Adjuvant arthritis, can be induced in rats with a single 
intradermal injection of killed • tuberculosis in 
complete Freund's adjuvant. -An autoimmune process • 
involving T lymphocytes appears .to be responsible for the 
generation of the disease. Holoshitz, J., e t_a 1^ , 
Science. 219 : 56 -58 (1983) . T cell lines isolated ' from 
the draining lymph nodes of arthritic rats and propagated 
in Zitro by stimulation wi th M^_tub er culo s i s -pulsed-" 
syngeneic^ antigen pr.es^ can. cause a transient " 

form of the disease, ^hen- transferred ..to ^irradiaze^-raits:-^- 
^^-''jf..-*'/" '"^^ *=^l^?-n:.in .these.' experiments! .-to^i -^xc lade"; -"the- - 
transfer of contaminating tub e r c u 1 o si s , this .result'--: 
strongly suggests that the clinical effects of the - 
disease are a consequence of an autoimmune reaction in 
which the autoantigen is shared with LU_ t ub e r cu 1 o s i s . 

The rat and tub e r c ul o s i s antigens recognized by 

the arthricogenic T cells have been sought for a number 
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of years. ::A number of different proteins present in 
synovial membranes have- been proposed' to " be the 
cross-r.eactive-.rat antigen, but were later discounted as 
procedures f or the . pur if icat ion of these proteins 

05 improved . , van Eden, W. , £ t_a 1_^ , Pi:££^_Nat l^_Acad^Sc i_^^ 
USA, 82:5117-5120 (1985); Holoshitz, J., et_al^, Science, 
219:56-58 (1983)'. The M_^_tuber culos is antigen recognized 
by the . arthri togenic T cells was recently shown to be a 
65 kDa protein (van-Eden, W,, et_al^, Nature, 331:171 

10 (1988) , which has. now been shown to be:hsp60 (see the 
Exemplification) . Using -a' combination of truncated 
recombinant 65 kDa proteins and peptides, a nine amino 
acid. epitope of hsp60 has been identified as the minimum 
stimulatory sequence for arthri togenic T cell clones in 

15 proliferation :assays . Now that it is clear that some 

arthri togenic T cells recognize the mycobacterial hsp60, 
it. is quite possible that the rat autoantigeri is also 

hsp60 . , - . ' 

The. results obtained in the adjuvant arthritis model 

20 led investigators to" determine whether T lymphocytes from 
human rheumatoid, arthritis patients also recognize 
mycobacterial, antigens. These ' inves tigators have found 
not only that patients with rheumatoid arthritis have T 
cells that recognize tuberculosis antigens, but that^ 

25 these T cells have ^i divers eli.pheno type s v-'- Sub s ta'nt 

proliferative^ responses - to '^mycobacterial extracts are 
observed with uncloried T cells (predominant ly CD4^) from 
both synovial infiltrates and peripheral blood, although 
responses are generally greater in synovial infiltrates. 

30 Abrahamsbn, T.G., e t__a 1^ , S.£ and_^_J^_Immuno 1_^ , 7:81-90 

( 19 78 ); Holoshitz, J.,, et^al^, » 305 - 306 ( 1986 ). 
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Holoshitz et_aU. found that 4 of 5 T cell clones isolated 
from human rheumatbid synovia which respond to ' M;^- • : • 
iHbejrculosis antigens were CD4" CDS" , cells, with 7/5 T 
cell receptors. Holoshitz . J . , e t_al^ . Nature . 
339:226-229 (1989). This observation is . Interesting . 
because 7/5 T ceils have yet to be assigned k role in ;. 
immunity. One of the .7/^ clones was tested for its 
ability to respond. to purified mycobacterial hsp60 and 
was found to be. positive in proliferation assays. ^ Due to 
the conseirved nature of stress proteins .,. these- T cells 
have the potential f or .autoreac tivity . Lamb -' andu i ■ - .•• 
coworkers have shown that polyclonal T cells from - 
synovial infiltrates .recognize both mycobacterial hsp60 
and hsp70. Lamb,. J. R., et_al^, IStl^-HnrQunol^ . in 'press 
15 (1989). The population of. T, cells that, recognize the 
mycobacterial stress proteins were shown to respond to 
coli hsp60 and hsp70 and... most interestingly, human hsp70 
purified from heat shocked macrophages. Thus, immune - 
responses to conserved stress protein determinants, 
perhaps initiated by. bacterial infection (no t necessarily 
by mycobacteria),.^ may play an important, role in ... 
autoimmune pathology. in. rheumatoid arthritis . as :well as 
in adjuvant arthritis.. 
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S t r e s s^£r5 t£i ns_and_I^in ,j . ; ^ , r , . . r. 1 

.^fff5???.^:T•."ll.t:ypes;.ha^^ • • ■- 

shown to recognize highly conserved s cress pro te in 
determinants. The ability of cells to respond to stress 
by increasing the levels of the highly conserved stress 
proteins; the presence of T cells of diverse phenotypes 
in health'y individuals thac are capable of recognizing- 
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self, stress protein determinants; and observations that 
stress responses- are induced by ' viral Infect ion and by * 
cell transforniatipn, all suggest a model of immune 
surveillance in which self-reactive T cells provide a 

05 first line of defense against* infection and - 

transformation by recognizing and helping to eliminate 
stressed autologous cells, as well as cells infected with 
intracellular . bacteria . The ppol of lymphocytes that 
recognize conserved stress protein determinants might be 

10 induced during establishment of natural " microb ial flora 
on the skin and, in, the gut, and* main tained by frequent" 
stimulation by bacteria and viruses as well as other 
stressful stimuli encountered during a normal lifetime. 
This model is attractive because it provides a way in 

15 which the immune system could exploit the existence of 
conserved epitopes in stress proteins to -respond ' 
immediately to ant igenically diverse- pathogens at^d 
cellular changes, producing an initial defense that need 
not await the development of immunity to novel antigens, 

20 Stress protein induction, occurs in eukaryotic cells 

following infection by diverse viruses ixv vitro . 
Collins, P.L. and Hightower; ^- L . E * i - J_^iVirol^ ; 44 : 703^- 
(19 82) Nevins , . X. R.-,^ Cell • 29 : 913 - 939 " (l"982) ; ' Garry; '* ' 
££-_al^,,j Virol 0£2, 129: 391.332^ (1988) Khand'j ian*; 

25 E.W. ^ and.Turler / H. ^-Mol^^Cell^^^ (1983)?'" " • " ' 

LaThangue , .-N.B, , e t_a l^ , EM^-ii V 3f267 -'277 ( 1 9 84 y ! ' CTL/ 
chat recognize these neo-antigens could limit the spread 
of virus by killing infected cells, possibly before 
substantial amounts of mature virus are assembled, and by 

30 secreting' the lymphokine 7-incerfe ron. Pescka, S.. in; 

^l£lll£^£_E^2: vmo 1_^ , Interferons, Part A., Vol. 79. Academic 
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Press. New York, pp.667 (1981). Evidence consistent with 
this idea. is. emerging. Koga et_el.., have showh that ■ 
infection of primary murine macrophages with CMV rendered 
them susceptible as targets for MHCOI restricted CDS'*" CTL 
specific for linear . epitopes of M^_tuberculos is hsp60. 
Koga. T., et_al_^ Although the epitope recognized by 
these CTL on infected macrophages was not defined, it is 
tempting to speculate that a cross - reactivity with self 
hsp60 epitopes is being. observed . Indeed, the same 
groups showed that, a homologous hsp60 is constitutively 
present in macrophages .and is upregulated by 7-interferon 
s timulation . 

T cells capable of recognizing autologous cells 
stressed by transformation could help eliminate nascent 
15 tumour cells. Stress proteins appear to be produced at 
high levels in at least some transformed cells. 
Bensaude. 0 . and. Morange , M., EMB2_ii . 2 : 173 - 17 7 ( 19 8 3 ) . 
An 86 kDA. murine tumour antigen has been found to" be 
homologous to representatives of the hsp90 family in 
yeast and D r o s o£h i 1 a . Ul Ir tch . : S . J . . Proc^_Na t l^_Ac ad^ 
Sci^.^_USA,. 83:3121-3125 (1986);. Immunization of mice ' 
with, the purified protein led. to inhibition of tumor 
growth., in 95% . of . experimental animals • that had been 
seeded, with .cultured-, tumor-cells: . All of . the. protected 
mice had, high titres o|,anti -hsp.9a^^^ antibody which " 

was. able to precipitate murine hsp?0..frora lysates of heat 
shocked mouse embryo cells. Again, a role for 
autoreactive lymphocytes is implied. 

The lymphocytes which recognize conserved stress 
protein determinants must be capable of discriminating 
between normal and stressed cells. Since many stress ■ 
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proteins are cons ci tutively expressed in normal cells, 
although at lower levels than in- stressed cells, 'the 
potential for autoreactivi ty is ever-present. Normal 
cells may escape destruction by expressing only, 
subs timulatory levels of stress protein determinants on 
their surfaces. In addition, stress proteins may only be 
processed and presented during stress, and it may be 
relevant that many stress proteins have altered 
intracellular locations during stress. Finally, immune 
regulatory' networks may prevent activation of 
autoreactive T cells under normal conditions . The 
regulatory constraints required by this system might 
occasionally break down, perhaps during stress caused by 
bacterial or viral infections, leading to autoimmune 
disease. Rhematoid arthritis may be such a disease. 

The precise relationship between stress proteins and 
the host immune response to. infection is as yet 
undefined. When cells are subjected to a variety of 
s tres ses they respond by selectively increasing the 
synthesis of a limited :set of stress proteins. Some " 
stress proteins , including- the products of dnaK and' 
groEL,^^ are ..maj or .constituents of -the cell under normal 
growth,^ conditions,-, and V are i:induced - to "even 'higher levels 
during stress . . .^Xindquis t , S :\ ^ Annu^^R e v^^B i o c^^ ' 
1151-1191 (1986) ; Ne idhar d t . C -and R .^A / VanBogelen, In 
Il£ll£li:£hi:a_coli_and_Salmon^ Cellular and 

Molecular Biology, (eds. Neidhardc, F . C . , , Ingraham , J.L. 
Low. K.B. Magasanik, B. Schaechcer, M. and Umbarger, 
H.E,) Am: See. Microbiol., Washington, D.C., pp. 1134- 
1345 (1987). It has now been demonstrated that stress- 
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related proteins are. targets of the immune response. 
It is reasonable to expect that immunodominant antigens 
would be found among such abundant" proteins . as has been 
shown to be the case. 

Stress-induced proteins or their functional 
equivalents, can.be used to immunize an animal against a 
nonviral infection or, alternatively, other selected 
stress-induced proteins, or their functional equivalents, 
can. be- used to induce immune tolerance in an animal. ' 
According to the. method of the present invention,' it is 
posstble .to modulate the .immune response in an individual 
by altering the individual's response to stress proteins . 
In particular, it is possible to modulate an individual's 
response; to a pathogen (e.g., bacterium, mycobacter ium , 
virus, or other organism or agent, such as parasites, 
toxins, toxoids, which causes, disease . or . cell, transforma- 
tion); and to modulate. an individual ' s auto immune' " 
response, such as. occurs in some forms of arthritis. 

It is possible to use stress- proteins , • as described 
herein, , as a vaccine which. af ter^^ adminis tration to' an'- 
individual, , produces or.-enhances an iramune response' in' - 
that individual, providing protection against subsequent 
infection. , Because,, as::demonstrated , -these Ure proteins-^ 

^"JW*;^ ^^f.':!.:^^^ "gions . of ;:highly . conserved amino- acid 
25 ^^'l'^^''^.^;^<^^rotein^ have -been- shown • to ^be = ^ ' ^ 

ubiquitous ^ta'rgets .in, mycobacterial-; bacterial and ^dther' 
infections, they can be used to elicit an equally V 
ubiquitous immune response. 

For example,. in the case of a pathogen which 
expresses stress proteins, such as nonviral pathogens, 
two approaches to enhancing an individual's immune 
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response (and, thus, reducing the pathogen 's e f fee ts ) can 
be used . ; ;; , ^ ^ -C; ^ ^ , ^ • - - ■ ■ - 

First, because the. nonviiral pathogen's stress 
proteins are distinguishable from those of the host," it' 
is possible to- induce an. immunoprophylactic response 
specific to the pathogen' s stress proteins . This can be 
carried out by administering a vaccine which includes .all 
or a portion ( e. g;, sufficient sequence to have the 
desired stimulatory effect on immune response) of the 
pathogen ' s.. s tres s pr o te in or of ano ther - protein having an 
amino acid., sequence sufficiently similar - to- that' of the ' 
stress protein sequence. to stimulate the immune response 
to the pathogen . Alternatively , highly conserved stress 
protein determinants, such as those shown to be 
recognized . by . a variety of T cells, can be administered 
as a type. of " general " rvaccine In e i the r case, the 
immune response to the ; stress ^protein sequence wiXl 'be ' " 
increased and effects of the nonviral pathogen 'will be ^ 
reduced (decreased,, prevented or eliminated). ' 

Second, it is also possible to induce' or "enhance the 
immune surveillance system or response which 'is /directed 
to stressed host cells.' -This* is: -descrxbed further' in the 
context of .enhancing ^immune-; response- in those rinst'ances* 
in which. ..the .pathogen ;;(.e .,g ylru's , transf o'fraln^ "ag 

does no t. have . (.express ): i.ts.^ own^ s tress pro te'ins '( i , e * 
stress, proteins di s t ingui shab 1 ej from- ho s t stress'"'^ 
proteins)... 

The vaccine administered to induce or enhance immune 
response to nonviral pathogens Includes a stress protein 
of che pathogen against which an immune response is 
desired, a portion of that procein of sufficient size co 
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stimulace the desired immune response or a protein or 
amino acid sequence (e.g.. a polypeptide) which is the 
functional equivalent of the pathogen stress protein in 
that it is sufficiently homologous, in sequence to that of 
the stress protein to be capable of eliciting the desired 
response. The term "sufficiently, homologous in sequence 
to that of the stress protein" means that the sequence of 
the protein or. polypeptide will generally show 
■ approximately 50% identity with the stress protein amino 
acid sequence. The-vaccine can : also include an adjuvant, 
an appropriate^carrier andean appropriate buffer . The 
protein or amino acid sequence present in the vaccine can 
be produced using known techniques. For example, it can 
be obtained (isolated) from a source in which it occurs 
in nature, can be produced by cloning and expressing the 
gene encoding the desired stress protein or stress' ' 
protein portion or can be synthesized chemicklly or 
mechanically. . •. 

In the case of a pathogen, such as a virus or a. " 
transforming agent, (i.e., an agent whose activity results 
in production or formation of cancer cells) , which does • 
not express its own stress proteins, the following 
approach is used to enhance, immune-" response or normal ' 
immvxne .surveillance (i.e.-. the rability^of •the-YmmunV ' 
system -to recognize, self, as: well: as-foreign proteins)? 
A vaccine which includes- a; bacterial mycobacterial or 
other stress protein can be administered. Although there 
are no viral stress proteins to be used for this purpose, 
administration of such a vaccine will enhance the 
existing immune surveillance system. In addition, immune 
surveillance can also be enhanced by applying local heat 
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or any other substances or changes in condition which 
induce the stress- response in the individual being . 
treated . (This . can. also, be employed in conjunction with 
the. vaccine, described previously, administered to 
enhance immune response to a stress pro te in- produc ing 
pathogen.) It is known that increased levels of stress 
proteins are produced in many types of cancer cells. 
Enhancement - of the immune . surveillance " system , as 
described, can be used to facilitate destruction and/or 
to prevent progression or establishment of cancer cells. 

The method of the present invention can also be used 
to modify or modulate an individual's response to his or 
her own cells ( e . g as in auto immune diseases). There 
are at least two. ways in which the present invention can 
be used immune therapeutically . First, stress proteins, 
such as heat shock, pro tein (h'sp) 70 and hsp60 , are known 
to be. involved in autoimmune disease,. : It is, thus, 
possible to turn: down: an individual ' s- response to "self" 
by administering the. appropriate stress* protein(s)' in 
such a manner that, the individual" becomes more tolerant 
of the protein. Second because it is known that the 
immune response.: in autoimmune diseases is to stress 
proteins, it is possible to selectively inhibit or 
interfere,, withj. the.-;abili ty-of iniraunei cell s^' whi^h-'nbrmal^l^^ 
interact, with ,such:.proteins r:to,:^do soV This can be done , 
for example , by . administering monoclonal antibodies^ that' 
bind to specific T cell receptors and delece or disable 
such cells. Alternatively , rather than knocking out 
immune cells, the stress response in all cells can be 
turned down by administering a drug capable of reducing a 
cell's ability to undergo che stress response. For 
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example, a drug targeted^. to. or specific for heat shock 
t r an s c r i p t i o n f a c t q r , ;. wh i c h : i s n e e de d . t o^^ s t i mu 1 a t e "h e a r 
shock genes, can be administered... The transcription 
factor is rendered nonfunctional or sub functional and, as 
a result, cells' ability. to undergo the stress response 
is also lessened. 

The present, invention is . further illustrated by the 
following exemplification,. which is :not intended to be 
limiting in any way. 

10 EXEMPLIFICATION ...... . . ■ / ; ' 

RecombinantJDNA_Clones. The isolation and 
characterization .of M^_tube rculos is and M^_leErae Agtll 
genomic DNA clones with murine .monoclonal antibodies have 
been described. Husson. R.N. and Young, R.A. . Proc^ - 
15 NStl^_Acad^_Sci^^_USA.. 84: 1679-1683 .(1987) Young ;^ R.A. ; 

^SiHre,. .(London).. 316:450. 452; (1985)-.- DNA was' ' 
isolated from these clones- and, was manipulated by • 
standard procedures.,, Davis.: R.W;", Advanced_B ac t e r i a r ' • 
Genetics.: A. Manual for Genetic: Engineering (Cold Spring ' 
Harbor Lab., Cold Spring .Harbor, NY), (1980). 



20 



^T-~^^-^^^--^^^^^^^^-rr^OtfA was .:subc.lbned= iiito V^c toir- ' 
«13mpl8^or;^M13mpl9- (New England.Biolabs )>-as^^stiggea^4d^ bjr 
the supplier..^ .Dideoxynucleotide...chain':::termination -"^ - ' 
reactions and gel electrophoresis of the sequenced 
25 produced were as described. Davis, R.W.. Advanced 

Sl£Ceriai_Genetics: A Manual for Genetic Engineering 
(Cold Spring Harbor Lab., Cold Spring Harbor. NY). 
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(1980). DNA sequences were determined .for bo th strands 
of DNA. Computer analysis of sequences with UWGCG ' * ' 
programs was as described by Devereux, J/, Nucl^£i.£ 
Acids_Res_^, 12:387-395 (1984). - 

05 iSinH2£kl££_^SSlZ£i£' . Escherich^ strain TGI* was 

transformed with the following plasmids by' standard 
procedures (Maniatis , T,, et_al_^, ^?£i££iii££-.C 1 o n ing . A 
Laboratory Manual. ( Cold Spring : Harbor Labi, Cold Spring 
Harbor, NY) (1982), with selection f or - ampicllin " - • 

10 resistance: pND5, a, derivatrive • of pBR325 'containing ' the 
£^-.££li«SI£E_senes (Jenkins , A; J . , £ t_al_^ Mol^^Gen_^ 
Genet, 202 : 446 - 454 ( 1986 ) ; pUC8.,(Vic?, J . , • G e n e , 
19:259-268 (.1982); pUC8 with insert DNA for Agtll clone 
Y3178 (M^^leprae 65-kDa antigen. Young, R.A., £ t_a 1^ , 

15 Nature, (London) 316:450-452 (1985)) ligated in the EcoRI 
si te . 

Overnight cultures of E^_££li strains in 
Lur ia - Ber tani (LB) medium were centrifuged and 
resuspended in isotonic phosphate -buff ered saline at a 

20 cell density corresponding to an absorbance of 20 at 60 
nm. An equal volume of sample buffer containing 2% 
(wt/vol) polycrylamide gels in the presence of NaDodSO^ 
was added, and, after heating on a boiling water bath for 
2 rain, 5-ml samples were electrophoresed on 12% (wt/vol) 

25 polycrylamide gels in the presence of NaDodSO^. Blocs 

were prepared by e 1 e c t r opho r e t i c transfer of the proteins 
to a nitrocellulose membrane, and binding of monoclonal 
antibodies was assayed with a p e r o x i da s e - c o n j ug a c e d 
secondary antibody as described. Young., D.B.. i c_al_^ , 

^0 Iil^££^™i!!!SH£^ . 55:142 1- 1425 (1987 ). 
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Six M^^tuberculosis and six leErae proteins have 
been implicated. in the immune response to the 
mycobacterial pathogens (Tl),: To obtain clues to the 
normal cellular function of several of these 
mycobacterial antigens, DNA clones, encoding these 
proteins, isolated^ by using monoclonal antibodies to 
probe lambdagtll libraries (Husson, R.N. and Young, R. A., 
Pi ° £^_Na t 1^_ A c a d^_S c i^^_US A .84:1679-1683(1987); Young.' 
R-A;. et_ai^, Nature, (London) 316:450-452 (1985)) were 
subjected, to. sequence analysis. The sequences elucidated 
have. been, submitted to the GenBank sequence database. 

'^^^-^y.£:2.hS:£.lS.LiS:l.llz.h-M.hBllKSiI!: ■ The : 7 1 - k Da 
antigen of M^_tub e rculos is is recognized by human T cells 
during infection (Table). 
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TABLE 



Recognized Subjected Homology 
by human T ..to sequence with known 
Pr o t^i.nj ^^£^11 3 - 2££^£ill£ 



05 M. tuberculosis 

71 ; . + 

65* + 

38 + 

19 . + 

10 14 + 

12 ND 



+ 



DnaK 
GroEL 

None 



M. leprae 
70 . 
65 

15 36 

, 28 

18 / 
12 



ND 

+ 
ND 



DnaK 
GroEL 



Plant Hsp 
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Mycobacterial, protein antigens ^their recognition by 
human ,T cells - and . homology "of the deduced mycobacterial 
.protein sequences to known proteins are summarized. 
ND , not determined; +, yes; - , no 

* Includes data derived from study of che 65-kDA 

antigens of M. bovis BCG (bacillus Calme t ce - Cue r in ) . 
which is'idencical to the M. tuberculosis 65-kDA ancigen. 
+ A. S. Mustafa, J. R. Lamb, D. Young and R. A. Young, 

unpublished data. 
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The insert DNA of lambdagtll clone Y327 1 . (Husson . R.N. eC 
Si^ . a t l^_Ac ad_^_S c i^_^_y S A ,84:1679-1683 (1987), 

was sequenced to obtain amino acid-sequence information 
for the 71-kDa antigen of M^_tub e r cu 1 o s i s . This clone 
produces a be ta - galac tos idase f us ion protein containing 
the carboxyl-terminal one-third of the 71-kDa antigen 
exhibits 40% amino acid sequence identity with the 
comparable segment of the dnaK gene product from E_coli 
( B a r d w e 1 1 , . J . c . , e t_a 1^ , P r o c^_Na 1 1^_ S c i^^_U S A , 
81:848-852 (1984)). (Fig.. 1). Fig 2A shows the extent of 
sequence similarity between portions of the mycobacterial 
and the E^_coli 70.k Da polypeptides. Sequences 
transcriptionally downstream from the mycobacterial 71.k 
Da gene predict a 356-amino acid protein homologous to 
15 the E^_coli_dnaJ gene product (unpublished data) , 

indicating, that the E^_coli_dnaK- dnaJ operon structure is 
conserved in M^_tuberculos is and consistent with the 
conclusion that the mycobacterial- 71.kDa antigen is a 
homologue of the E^_coll^dnaK gene product. The product 
of the dnaK gene is a member of the 70-kDa heat shock 
protein family that is. highly conserved among prokaryotes 
and eukaryotes (Bardwell. J.C.. et_al^... Proc^_Nat l^_Sci_ 
USA, 81:848-852 (1984); Lindquist. S.. Annu. Rev,_ 
.5 io£^eitt^,_ _ 55 :.l 1 5 1 -.1 1 9 1 . .( 1 9 8 6-).. nUsorq i ^.j - ; o -..--T: 

. ..The .M^eErae •..ZO-k.Da-Tancigen-- cros-s-reactsV-^with'*--- • 
monoclonal antibodies directed... to the -MiJtub erculos is "and 
M^_l£Erae are both members of the 70-k Da heat shock 
protein family of stress proteins. 
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Iill-^lZ££kS£J£££iSi-.Hj:lS2£_SS£ifi£S • The 6 5 - kDa 
antigens of M^J^tubercul.osi.s and M^.l^Brae are " involved- in 
in the human T-cell response * to mycobacterial infection 
(Table). Genes .encoding these proteins have been 

05 isolated (Husson, R,N. and Young, R.A. , Z£££.^_lia t I^_Acad_^ 
Sci^^_USA. 84:1679-1683 ( 198 7 ) ; - Young . R . A . , e t__al^ , 
S££H££i (London) 316:450-452 (1985)) and sequenced . 
(Shinnick, T.M/.. J ; Bac ter iol^ , > 16 9:1080-1088 (1987) ; 
Mehram, V. , £t_al_^, Proc . Na tl . : Acad Sc i . ^'^US A . 

10 83 : 7013 -7017 (1986) ) , revealing that the" 'amino ■ acid* ^ • ' ' 
sequences of. the 65.-kDa ant igeris • of M_^_tube r culos i^ 
H^^^l-egrae are 95% identical. These protein sequences 
exhibit no significant sequence similarity to proteins in 
the GenBank database,. ' ' — ... - 

^5 Identification of .these -proteins was' based on the 

observation. that, some monoclonal -antibodies directed 
against the mycobacterial 65 -kDa antigens ' cross - r.eact 
with an E^^coli protein of ^OkDa . E^^coijL" cells " 
transformed with the plasmid pNDS-*^ ( Sanger , F . i e t_a 1^ , 

20 Zroc^_Natl^_Acad^_Sci^j;_US (1977) , which 

contains the EjL-_££H_£££_E genes , had b'eeh shown to 
accumulate large amounts of the- 60-kDa "prof eiriT *A 
c omp ar is on .;o f zthe ; my.c ob act erial " 6 5 - kDa-p ro tetn-^s e que nee s' 
with those rdeterrained 'f'ot-'-Er^coV^^^ ''('C "woVl f or d K [' 

25 Tilly, C. Georgopoulous , and R.H.. unpublished data) 

revealed the extent of the sequence similarity as shown 
in Fig . IB . 

The 60-kDa Gro EL proceih is a major stress protein 
in Ej:._c o 1 i . Lindquist. S., Annua l_Rev_^_Bioche , 
30 55;1I51-'1191 ( 1986); Nature, 333:3 30034 ( 1988 ). There 
is some evidence that the mycobacterial 65-kDa proteins 
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accumulate in response to stress: Micobacteriura_bovis 
BCG (bacillus Calmette-Guerin) cultures grown In 
zinc-deficient medium are substantially enriched in- this 
protein (De Bruyn, J., e t_al^ , I nf ec t^_I mmun^ , 55:245-252 
05 (1987)). This infers that the 65-kDa proteins of 

tuberculosis and M^le£rae are homologues of the E^_coli 
Gro EL protein. 

Other_Mxcobacterial_Anti^^ that 
respond to the M ^tubercuios is 19-kDa antigen and the 
ie£rae 18 -kDa. antigen have, been observed, in humans^ with 
tuberculosis and leprosy , respectively (Table 1 ). .■ DNA 
encoding these antigens was sequenced from the Agtll. 
clones Y31A8 (Husson. R.N. and Young. R . A . , P r o c^_N a 1 1^ 
A£Sd^_Sci^^_USA. 84 : 1679-1683 ( 1 9 8 7 ) ; and Y3 1 7 9 (Young. 
15 R..A.. et_al^, Nature, (London) 3 16 : 450 - 45 2 ( 19 8 5 ) ) , 
respectively. The M^_tuberculos is 19 -kDa: protein 
sequence predicted from the DNA exhibited.no significant 
sequence similarity to proteins in the GenBank., database . 

However, the M^_le2rae 18-kDa protein sequence was • 
similar to the soybean 17-kDa heat shock protein,.; a. . . . .. 

protein representation of a major "class of '■'plant, heat 
shock proteins (Schoffl, F ,. . and Van ,Boge len .• iR r A : , In: 
E££ll£r ichia_co^_and_Salmon^^^ ^Cellular, and. 

Molecular ^Bi.ology... Am.. Soa., Microbio 1 . , .WashingtronV DfC; 

. ... .. 



20 



25 (1987) 



30 



Those skilled in the arc will recognize, or be able 
CO ascertain using no more than routine experimentation, 
many equivalents to the specific embodiments of the 
invention described specifically herein. Such 
equivalents are intended Co be encompassed in the scope 
of Che following claims. 
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• C LA I MS 

1. A vaccine comprising all or a portion of a selected 
s tress* protein or. all or a portion of a protein 
having an amino acid sequence sufficiently 
homologous to the amino acid sequence of the stress 
protein , 

2.. A vaccine of Claim 1 in which the stress protein is 
a mycobacterial 3 tress pro tein or a protein having 
an amino acid sequence sufficiently homologous to 
the amino acid sequence of the mycobacterial stress 
protein, 

3. A composition for use as an agent to induce immune 
tolerance, comprising a selected stress protein. 

4. A compoisition for use in treating an autoimmune 
disease, comprising all or a portion of a selected 
stress protein or all or a portion of a protein 
having an amino acid sequence sufficiently 
homologous to the amino" ac id sequence' of the stress 
protein. 

5. A compos i tion - of - Claim- 4- f or trea t ing ' rheuma^:o id 
arthritis. 

6. A vaccine for use in enhancing in an individual the 
immune response to a nonviral pathogen, comprising 
all' or a portion of a stress protein of the nonviral 
pathogen against which the enhanced response is 
desired. 
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A vaccine of Claim 6 in which the s tr e s s pr o ce in is 
a mycobacterial stress protein. 



A method of producing or enhancing an immune 
response in an animal, comprising administering to 
the animal a selected stress protein, in sufficient 
quantity to elicit the desired immune response. 

A method of immunizing an animal against a 
subsequent nonviral. infection, comprising 
administering to the animal a ■ selected • stress 
protein, in sufficient quantity to produce an immune 
response. 

A method of inducing in an individual ; immune 
tolerance against a protein, comprising, 
administering to the individual all or a portion of 
a selected stress protein .or- all or a portion of a" 
protein having an amino acid . sequence sufficiently 
homologous to the. amino acid sequence vof the stress 
protein, under conditions appropriate for induction 
of the desired tolerance. . - , .. . ... ~ .: 

20 11. A method of Claim 10, wherein, the protein is a 
. -^^^fff.f.?-.®!^ ^^PK rheumatoid rarthricls--/' ■•■ 
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TB 71kDa (1-204) 



-600 



-500 



100 200 300 400 500 




TB 65kDa (1-540) 
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